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E ffe ct of Air Cu r r e ntSpe ed o n Ev apotr a n spir ation Rate of
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A bstr a ct
Ev apotr a n spiratio n r ate(E T) of a s w e etpotato tr a n spla nt c a n opy(T C)u nde r a rti丘cial light
w as m easu r edat threele v els(0. 1,0. 3 a nd 0. 5 m s~1)ofair c u r r e ntspe ed(A C S)in a wind-tun nel
-type gr o wthcha mbe r a nd at le af a r e aindic e s(L) of 0. 9, 1. 5, 2. 6 a nd 4. 0. T he E T w a s
m ea s u red ba s ed o nthe w-eightcha nge o v e rtim e of a tr a n splant tr ay, c o n siting of72 tra n s-
pla nts, s oilmixtu r e, w ate r a nd a plugtr ay. T he Pe n m a n-M o nteitbm odel(P-M)w a s u s ed fo r
e stim ating a e r odyn a mic c o ndu cta n c e(ga)abo v ethe T C ba s ed o nthe m e a s u r ed E Ta nd c a n opy
?o ndu cta n c e(gc)･
It w a sfo und that E T of the s w e etpotato TC incre a s ed a s AC Sand L
ln C r e a S ed. T hein c r e a s ein A C S in c r e a s ed ga abo v eT C. In c r e a s ein L in c r e a sed the g｡ a nd
als o ga . Unde rsta nding the ef【e ct of A C So n E T m ake sitpo s sible to c o ntr ol E T in the
tra n spla ntprodu ction syste m witha rtific al light(T PSA L)by m a nipulatio n of AC S. E ffe cts of
AC So n the n et photo synthetic r ate a nd gr o wth of TC sho uldbe fu rthe rin v e stigated to
dete r min ethe optim u m AC Sin the T P S A L.
Keyw o rds : a e r odyn a mic c o ndu cta n c e,le af a re ainde x, Pe n m a n-M o nteith, plug, s w e etpotato,
L9o m o eabatata s(L.)La m . , `Be nia z u m a'
Intr odu ction
ln 也ela stde c ade, m a ny re s e a r che rs e mpha siz edthe
pote ntial be n e丘ts ofthe tr a n spla nt pr odu ctio n syste m
with a rti丘cial light(T P S A L)1･ 2). T hebe n e丘tsin clude
也e pote ntialto m a nipulate 也e en vir o n m e ntal c o ndi-
tio n sin the pr odu ctio n syste m to c o ntr oltr a n spla nt
gr o w也 a nd de v elopm e nt, the efBcie nt u se of limited
re s o u r c e s a nd the e丘.cient produ ctio n s cheduling
which w o uld be ha rdly a chie v able in trahspla nt pr o-
du ction under n atural light. Ho w e v e r, its c o m m e r-
cializ atio nha s n otbe e n widely r e aliz ed yet. On the
other hand, kn o wledge a nd expe rtis efo r optimizing
the produ ctio n pr o c e ss e s a nd m a ximizing the pe rfo r-
m a n c eof the T P S A L ha v ebe e n a c c u m ulated3).
Qu antitativ e u nde r sta nding ofthe effe cts of e n viro n-
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m e ntal fa cto r s su ch a slight, C O2 C O n C e ntr atio n, a nd
telnpe ratu r e O ngr o wth a nd de v elopm ent of tr a n s-
pla ntsin 也e T P S A L ha sbe enin v e stigated.
A ir c u rr e nt spe ed(A C S)is o n e ofthe im po rta nt
e n viro n m e ntal fa cto r s affe cting the gr o wth and de v el-
opm ent oftransplantsin the T PSA L. In the gre en -
ho u se s o runderfield c ondit o n s,itisdifnc ult to c ontrol
ACS in a pr oper range to optimiz ethe gr o wth of
tr a n spla nts
4)
. In c o ntr a st, the c o ntrolof A C S is c o n-
side r ed e a sie rin the T P S A Ltha nin the gr e e nho u se.
Ho w e v e r, the re w a s n ot e n o ughinfo r m atio n a v ailable
to deter min e optim u m r a nge of A C S in the T P S A L,
e spe cially, in the a spe cts of c o ntrolling tr a n spla nt
gr o w也 a nd de v elopm e nt.
In su缶 cie ntair m o v e m e nt a ro llnd pla nts sup pr e ss e s
the ga sdiffu sio nin thele af bo u nda rylaye r a nd c a u s e s
dr a m atic■de c r e a s e sin tr a n spir atio n a nd net
photo synthetic r ate s ofthe pla nts
5)
, while a n o v er-
incre a s e of AC S de c re a s e sgro wth of the pla nts
6)
.
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Fo r ato m ato plug tra nspla nt c a n opy(to m ato plug
T C)gr o w nin T P S A L, a nin c re a s ein AC Swithin a
r a nge of 0.1 to 0. 6 m s~チr e sultedin a nin c r e a sein
e v apotra n spiratio n rate(E T), but ÅC S highe rtha n
O･ 6m shltendedto s aturate ETブ). On the otherha nd,
K itaya et al.
8)
r epo rted that the E Tof a dw a rf-ric e
c anopy lin e a rly in c r e a s ed with a nin c re a sein ÅCS
fr o m0. 1 to 1. O m s~1. T he r efo r e,ノa nin c r e as ein A C S
highertha n1m S
M I
w a s stilleffectiv efo rthe inc r e a s e
in E Tof the T C.
T he obje ctiv e s of the pr e s e ntstudy w e re toin v e sti-
gat e也e e鮎 cts of ACS o n 也e E T of s w e etpotato
tr a n spla nt C a n op yin the T PSAL a nd a n alyz e the
effe cts ba sed on le af a re ainde x, a nd sto m atal a nd
a erodyn a mic c o ndu cta n c e s(L, ‰ a ndga, re spe ctiv ely)
m e a su red/stim ated in the T P S A L.
M ate rials and Methods
Pr epa r atio n of T C
T Cc o n sited of 72s weetpotato(1jPo m o eabatata s(L.)
La m･ , c v･ Be nia z u m a)tr a n spla nts o rigin ating fro m
singlele af nodal c uttings(le af a re a:12c m2 per cut一
血 g, appr o xim ately)pla nted in a72- c ellpl噸 tr ay(W
270m mX L 550m m, TakiiCo. Ltd. ,Japa n)ailed with
c o m m e r cial s oilmixtu r e(Su mirin Co . L td. , Japa n).
T he tr a n spla nts w e re c ultu red at a photo synthetic
photo n丑u x(P P F)o nthe canop ys u rfa c e of 200jL m Ol
m-2 s-1 with a 16 h d-1 photope riod pr o vided byt win
-At10 reSC e nt la mps(F P L 55E X-N, M ats u shita Ele ctric
Co . L紹 . ,Japan). C OB C O n C entratio n, airte mpe ratu re
and relativ ehu mi dity w e r elOOOFE m Olm o卜
1
,30
o
C, a nd
70%, r e spe ctiv ely. E T of the T C w a s m e a s u r ed
tlnde rthe s a m e c o nditio n a s abo v e. T he T Cw a s s ub
-ir rigated withn utrie nt s olution (En shiStandard,
O tsuka C he mic al Co .
, Japan)e v e ry day thr o ugho ut
Table 1 List ofsymbols a nd u nits fo r v a riable s u sed in this pape r
Symbo1 Va riable Unit
A Tray sllrfa ce a re a
A C Sr e f A ir c u rr e nt speed at the refe re n c epo sitio n(Fig,1)
C, Spe cific heat of air(1010Ikg-1 K~1)
D Vapo rpre ssllrede点cit
E Ev apo r atio n rate
E T Ev apotra n spiratio n rate
E To, E TI Ev apotr a n spiratio n rate s at L - 0 o rLニ=1
G Soil he at免u x
a Extin ctio n c o e艶cie nt (0, 89 fo rd
s w e etpotato T C u nder
a rti丘cial light)
L Le afa r e ainde x
Mtl, Mt 2 W eights oftra n spla nt tr ay at tim e stl O rt2
Mw Mole c ular w eight of w ate r
R N Net radiatio n8.u x
m
2
m s-1
I kg-- Ⅰぐ1
k Pa
m ol m12 s- 1
m ol m~2 s~1
m ol m~2 s~1
W m
- 2
g
g m ol-JI
W m
～ 2
s Slope ofthe saturatio n v apor de n sity with r e spe ct to te m ･ kg m-3 K - エ
りーt
l
⊥
L
凱
g｡
鮎
鮎
k
tl
γ
A
Q
.
pe ratu re(1.65×10~譲kg m-3 K 仙 1 at30
o
C)
Ae rodyn a mic c o ndu cta n c e m ol m-2 s - ま
Ca n op yc o ndu cta n c e m ol m-2 s - i
Sto m atal c o ndu cta n c e of le a v es u nde rthe c a n op y m ol m-2 s ~ 1
Sto m atal c o ndu cta n c e of le a v es o nthe top of c a n op y m ol m~2 s-1
Ga s c o n v e rsio nfa cto r(40. 13m ol m～3 at30oC)
Tim e
Psychro m etric pa ra m et r
(O. 482×10
~
3kg m-3 KMl at30
o
C)
Latenthe at ofv aporiz atio n of w ate r
(2. 43 MJkg~1 at30
o
C)
De n sity ofair(1. 16 kg m-3 at30oC)
m ol m-S
S
kg mL3 Ktl
MJkg-I
kg mN3
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Table 2 Mo rphologic alchara cteristic s ofs w e etpotatotr a n spla ntc a n opie s7,10,
13 and16 days afte rpla nting
Days after Le afa r e ainde x Le afa r e aper Ca n op yheight
pla nting tra n spla nt(c m2) (c m)
7
0
3
6
1
1
1
9
5
6
0
0
ー
2
4
15. 6±2. 7z
26. 5±5. 1
47. 2±5. 2
72. 4±9. 5
8
9
1
3
1
1
z : m ean ± standard deviation (n - 10)
A tra nspla ntcan op yco n sited of 72 transplants originatingfro m single-leafnodalcuttings
planted in a 7 2-cellplugtray丘ued wi 也 c om mercials oilmixture.
the e xpe rim e nt of 16 daysfr o mpla nting.
M e a s u r e m e nt of E T
List ofsymbols a nd u nitsfo r v a riable s u s ed in this
pape ris sho w nin Table 1. On Days7, 10, 13a nd 16,
the T C, a sde sc ribedin Table 2, w a str a nsfe rredinto
a wind-tu n n el-ty pe gr o wth cha mbe r with E Tm e a-
su rem entsyste m(Fig. 1). T he cha mber w a sde sign ed
to re s emble 仇 e c o ndit o nsin an existing tr a n spla nt
produ ction syste m with a rti丘cial light
9)
. E T w a s
c ontinu o u sly m e a su r ed ba s ed o nthe w eightcha nge
o v e rtim e ofthetr a n spla nt tr ay c o n siting of T C, soil
mixtu r e, w ate r a nd a plug tray, u sing a lo adc ell
(L P O W-20, Se n s o rSyste m Co rp. , Japa n). E T w a s
c alc ulated u sing a n equ atio n[1].
E T-
(Mt l-Mt 2)
M w ･(t2-tl)･A [
1]
E T w e r e sim ulta n e o u sly m e a su r ed in e a ch of the
tw oide ntic al cha mbe rs at thre elev els of AC Sm e a-
sured atthe r efe r e n c epo sitio n(A C Sr e f, 20cm a w ay
from the pu n ched m etal pa n el, s e eFig. 1), that w a s
cha nged stepwis ein 也e o rde r of 0. 1, 0. 3, 0. 5, 0. 1, 0.
5a nd0. 3 m s~1 with a tim einte r v alof 1 ho u r. A C Sr e f
w a s m a n ually c o ntrolled by adju sting a n ele ctric c u r-
re ntinput ofa nin v e rterfor a fa nto thele v elthatha s
be e n c alibrated at thebegin ning ofe a cb 皿 e a Su re m ent
day. Sc ala rA C Sre fW a s me a s ured at the e nd ofthe
m e a s u r e m e nts u sing a hot-wir e a n e m o m ete r
(Clim o m a ste r6522, Ka n o m a xJapan lnc . ,Japa n)a nd
w a s e xpre ss ed u sing a n a v e rage of 15m e a sure m e nts.
T he TCs u rfa c e w a s adju stedto thele v elofthelo w e st
r o w of hole s ofair且o w o nthe pu n ched m etalpa n elo n
e a ch m e a s u re mnt day.
Estim atio n of ga
T he Pe n m a n-M o nteith equ ation(P-M), which w a s
de s cribed by T ho rnley a nd Johns onlO), w a s sel cted
Fig. 1 A wind-tu n n el-type cha mbe r, afte rK in
etal. 2 2),fo rthe m e a su r e m entofe v apotra n-
spir atio n rate (E T) of the s w e etpotato
traIISpla nt c a n op y(T C)a s affe cted by air
c urre nt spe ed. Lo adc ell w a s u s ed fo r
m e a s url ng W eightofthetra n spla nt tr ayto
m e a s u rethe E T. A pu Ⅲcbed m etalpanel
<
w a sin stえ11ed at the windw ard side of T C
to imitate the c o ndit o n of the closed
tra n spla nt pr odu ctio n syste m at Cbiba
Univ er sity, Japa n. A su ctio n fa n w a s
in stalled at thele e w a rd side ofthe T Cto
c o ntr olthe air c u r re nt spe ed. A n u mbe r
of pipes(30 m m in dia m ete r) w er ein -
stalled at the inlet of wind tu n n el to
redu c ethe tu rbulen c e, which m ay o c c u r
ar ound the refe r en c epo sitioll(200m m
apa rt fr o m the punched m etal pa n el).
S bo rte r pipe s w ere in stalled at le e w a rd
side n e a rthe fa nto redu c epres sure drop.
Flu o r es c e nt la mps were installed abo v e
the wind tu n n elto u s e a s alight s o u rc e.
fo r estim ating gain the pr e s e nt e xpe rim e nt. Bo stick
et al. l l) repo rted that the P-M w a s adequ ate fo r
pr edicting E T in the tr a n spla nt pr odu ctio n syste m
simila rto o ur system whe ntr a n spla ntsbe c o m e e stab-
lished a nd tr a n spir ation rate c o ntributed signi丘c a ntly
to E T. In o rde rto e stim ate ga , the P-M c a nbe
r e w ritte n a sfollo w s :
ga - k ･
s･(RN + G)-((A･ E T)･(s+ y))
k･^ ･ y
･ET
gc
[2]
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T he gc w a s a ss u m ed to beindepe nde nt ofga ･ R N
w a s m e a sur ed u sing a n et r adio m ete r(C 201 R, LSI/
La ste m, Italy). G w a s c o n sider ed to be n egligibly
s m allc o mpa r ed with R N
ll)
. T he g｡ w a s c alc ulated
by a m e也 od of L-w eighted ave rage of tw o pa r allel
co nducta n c e s
1 2)
, u sing a n equ atio ngiv e n a s,
g｡
-
gst
･ L when L ≦1 [3]
g｡
-
gst+gsl
･(L-1) whe nL>1 [4]
T be gst a nd gsI W e re m e a Sllr ed u sing a po rtable
photo synthe sis m e a s u r e m e nt syste m (L ト6400, LI-
c o R In c. , U SA)o n eday afte rthe m e a su re m e nt ofE T
in the gr o wth cba血be r. Co ndit o n sin 也ele afcha m
-
be r of LI-640 0w ere s et to re s elnble the c ultu re c o ndi-
tio n s ofthe T C.
Estim atio n ofe v apo r atio n a nd tr an spir a･tio n r ate s
Ev apo r atio n r ate(E)of T Cat L - 0 w a sestim ated
by extrapolating to E Tat L equ alto z e r o(ET｡)and
a s su ming 也at the E de c r e a sed with de c re a sing radia
-
tio n e n e rgy distributed in the T C, which is afu n ctio n
of I(a nd L. Ev aporatio nfr o mthe s oilsu rfa c e u nde r
T Cat Lw a s e stim ated u sing a n equ atio n[5].
E - E T｡
･
exp(-L･K) [5]
Tr a n spiratio n r ate(T)w a s obtained by subtr a cting
E fro mthe E T.
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Fig. 2 Ev apotr a n spir atio n r ate s (E T) of
s w e etpotato tra n spla nt c anopl eS atle af
a r e aindice s of 0. 9, 1. 5, 2. 6 a nd 4. 0 a s
affected by airc urrentspeed at the refe r
-
e n cepo sition (ACSr e f). E T w e r e m e a-
su red ba sed o nthe w eight cha nge s o v er
tim e of a tr a n spla nt tr ay, c o n siting of
72tra n spla nts, s oilmixtu r e, w ater a nd a
plugtr ay,inthe wind-tun nel-type cha m-
be r. Vertic al ba rsindic ate sta nda rd
de viatio n s(n - 4)
Results a nd Disc ussion
E Ta s affe cted by A C Sre fand L
Fig. 2sho w sthe E Tofthe T Cat 3 le v els of A C Sr ef
a nd at L of O. 9, 1. 5, 2. 6 a nd 4. 0. T be E T in c r e a sed
withthein c r e a sein A C Sre fa ndthe slope of E Tw a s
di ffe r e nt with di ffe r e ntA C Sre 王a nd L. A t Lof 2. 6a nd
4. 0, E T in c re a s ed lin e a rly wi 也 也ein c re a sein A C Sr e f
in the r a nge of O. 1to 0. 6m s-1 . T he sbpe s of E Tat
L of 0. 9 a nd 1. 5 w e r ethe s a m e a stho se at Lof 2. 6
a nd 4. 0 in the r a nge of A C Sr ef r o m0. 1to 0. 3m sー
1
.
Ho w e v er,the slope s of E TatL of 0. 9 a nd1. 5 de clin ed
whe n A C Sr ef W a shighe rtha n0. 3m s-1. T he de clin e
ofthe slope w a sgre ater at L of 0. 9tha n at L of 1. 5･
T belin e a r r elatio n ship betw e en A C Sre fa nd E Tat
L > 1. 5 obs e rv ed in the pr e sent e xpe rim e nt w a sin
agre em ent with K itaya et al･
8)
whe rethe E Tof dw a rf
-ric e ca n op ylin e a rlyin c r e a sed with in c re a sing A C S
(o. 1to 1. Om s~1)at Lof l. 4. T he de clining slope of
E T with in cre a sing A C Sr e fat L ≦1. 5 obs e rv ed in 也e
pr e se nt e xpe rim ent w a sin agre e m e nt with S hibuya
a nd Ko z ai7) whe r ethe slope s of E Tof to m ato TC
de clin ed with in c r e a sing ACS fro m0. 1to0. 6m s~1 at
L of 0. 1 4, 0. 43a nd 0. 87･ T ho s e r e sults sho w that
effe ctof A C So n E T isdepe nde nt o n L ofthe T C.
Fo r agiv enA C Sre fthe E Tincr e a s ed with in c r e a sing
L. T his w a s e xpe cted be c a u s e a sthe T Cgr e w(o rL
in c r e a sed), the s u rfa c e a r e afo r transpir atio n in
-
c r e a sed. A t the tim e, gsl a nd gstr e m ain ed relatively
c o n sta nt(Table 3). Ho w e v er,the gc at L of 4･ 0 w a s
Table 3 Sto m atal c o ndu cta n c e s of le a v e s ollthe
top ofc a n op ya nd lo w e rle a v esin sidethe
ca n op y of s w eetpotato tra n spla nts (gst
a nd g$1, re spe ctiv ely) o nle af are aba sis
a nd sto m atal c o ndu cta n c e of the tra n s-
pla nt c a n op y(g｡)o ntray are aba sis
Le afa r e a -gst gsl gC
inde x (m ol m~2 s-1)(m ol m~2 s~1) (m ol m~2 s~1)
0.9 0. 46 ±0. 7z
1.5 0. 37±0.09 0. 8±0.04
2.6 0. 49±0.02 0. 08±0.01
4.0 0. 50±0. 09 0. 8±0.03
5
5
7
0
4
5
6
8
0
0
0
0
A V O V A N S N S
z : Me an ± standard deviatio n(n - 5)
T hegc was calculated by a met hod of LIW eighteda v erage
of tw o parallel conductances, u sing a n equ ation giv en a s,
g｡ - gst I L w he n L≦l o rgc
- gst+gsl
I(L-1) w hen L > 1･
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abo ut 2tim e sthat at L of0. 9. T hu s,theincre a s ein
the ET with in c r e a slng L w a spa rtly du eto the in _
c r e a s ed g｡.
E Ta s affe cted by ga a nd L
Fig･ 3show s也 e E Tofthe TC atL ofO. 9, 1. 5, 2. 6
a nd 4･ 0 a s affe cted by the ga e stim ated u sing PIM
ba sed o n the E Ta nd g｡ m e a s u r ed/e stim ated in the
pre s e nt e xpe rim errET･ T he E T in c re a sed a sga a nd L
in c r e a s ed a nd te nded to be s atu r ated w 地 ga gre ate r
tha n the ga obtain ed in the obs e rv ed r a nge of A C Sr e f.
T he m a xim u mE Tat satu r ated ga m ay be gre ate r at
highe rL･ T heinc r e a s ein E Ta sL incre a sed at the
sa m ega w a sdu eto thein c r e a sein gc.
Inthe pre se nte xpe rim e叫 tbe ET w a s m e a s u r ed fo r
w ell-ir rigated T C. T he m ea s ure m e ntof E Tsta rted 2
ho urs afterthe sta rtofphotoperiod a ndc o ntin u ed fo r
6 ho u r s u nde r c o nditio n s of ne arly c o n sta nt P P F, D,
air te mpe r atu re, a nd soilw ate rc o nte nt･ A pr elimi･
m a ry e xperim e ntsho w edthat the r e w a s n o signi丘c a nt
in c re a s e o rde c r e a s ein the g｡ within 10 ho u rs afte rthe
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Fig･ 3 Ev apotr a n spiratio n r ate s (E T) of
S W etpOtatO tr a n spla nt c a n ople S atle af
a r e aindic e s of 0. 9, 1. 5, 2. 6 a nd 4. 0 a s
affe cted by a e rodyn a mic c o ndu cta n c e
(ga). E T w e re m e a su r ed ba s ed o nthe
w eigbtcha nge so v e rtim e ofatr a nspla nt
tr ay, c o n siting of 72 tr a n spla nts, soil
mixtu re, w ate r a nd a plug tr ay,in the
wind-tu n n el-type cha mber･ T he ga w a s
estim ated u sl ng the Pe n ma n-M o nteitb
equ atio ngiv e n a s, ga - k ･(s ･(RN + G)-()･
E T･(s+ r)))/((k･)･ y･E T/gc)-(p･ C, ･D)).
T be ga w a s sim ulated u nderthe as su mp-
tio nthat RN w a s50 Wm-2 a nd D w a s
l･273 k Pa (70% R Hat30
o
C).
sta rt ofpbotope riod u nderthe simila r c o nditio n a sin
the pre s ent e xpe rim e nt(data n ot sho w n). Smith et
al. 13)repo rted
■
that thegc ofatr e e c a n opy(Az adiy7a Chta
indica A .)w a s a r o u nd 0. 8m ol m-2 s~1 inr ainyse a s o n,
al也o ugb the gc v a ried a s 也e tim e of day a nd de -
c r e a s edto O･ 05m ol m~2 s~1in the e v e ni g(6p. m .). If
g｡ dr ops to lO% ofthe pr e s ent v alu e unde r wate r-
str e ssc ondit o n s, the ET will be de c r e a s ed by70-80%
at the s a m eL a nd ga .
ga a s affe cted by A C Sre fand L
T he ga a s affe cted by A C Sr e fat Lof0. 9, 1. 5, 2. 6
a nd 4･ 0 is sho w nin Fig.4. T he ga e stim ated fo rT C
in the pre se ntc o nditio n s w a sin the simila r r a nge of
thos e repo rted by Sm 地 et al.
1 4) fo r a tr e e c a n op y
(Azadiyla Ch ta in dic a A .) u nde r field c o nditio n s
,
altho ughthe A C S(0. 7to 3. 2 m s-1)w a shighe rtha nin
也e pr e se nt e xpe rim e nt.
T be ga in c r e a s ed a s A C Sr e fin c r e a s ed. Tekle_
haim a n ot a ndJa rvis15)a nd Smi 也et al. 14)sho wedthat
the ga abo v etree c a n op ylin e a rly in c r e a s ed with
in c r e a sing AC Su nde r丘eldc o nditio n s. Such lin e a r
r elatio n ship w a s n ot obtain ed in the pre s e nt e xpe ri-
m e nt e x c ept at L of l･ 5･ T he slope s of ga w ere
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Fig･ 4 Ae r odyn a mic c o ndu ctanc e(ga)abo v ethe
S W e etpOtatO tra n spla nt c a nop y at le af
are aindic e s of 0. 9, 1. 5, 2. 6 a nd 4. 0 a s
affe cted byair c u rr e ntspe edat the refer-
e n c epo sitio n(A C Sref). T he ga w as e sti-
m atedu singthe Pe n m a n-M o ntei thequ a-
tio ngiv en a s, ga - k ･(s･(R N + G)-()･E T･
(s+ r)))/((k･)･ r ･ E T/gc)-(p･ C, ･D)).
T be ga w a s sim ulated u nde rthe a ss u mp-
tio nthat R Nw a s50 Wm~2 alld Dw a s
l
.
273k Pa(70% R Hat 30
o
C).
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simila rin the r a nge of A C S,e f r o m0. 1 to 0. 3 m s~1
r ega rdle ss of L. W he n A C Sre fW a shighe rtha n 0. 3
m s~1, the slope ofga/de clin ed at L of 0. 9, while the
slope s r o s e at L of 2. 6a nd 4. 0. It w a s sug ge stedtbat
n ot o nly A C Sre fbut als oL affe ctedthe ga . T he gais
a fu n ctio n ofshe aring str e ss, which in c r e a s e swiththe
in c r e a sein A C S.and s u rfa c e r o ughn e ss ofthe T C1 6･1 7)
T he L alte r edthe s urfa c e r o ughn e ss of T C, a ndthe r e
-
by affe cted ga .
T he di ffer e n c e s a m o ngthe slope s of ga at L of 0. 9,
1. 5
,
2. 6 a nd 4. 0 whe n A C Sre f W a shighe rtha n 0. 3
m s-1 mightbe be c a u seL affe ctedthe su rfa c e r o ugh-
ne s softhe T Co rT C de n sity, a ndthe r eby alte redthe
ai m,o w pattern abo v e a nd in side the T C. In the
pre sent experim e nt, T Cs u rfa c e w a s adju sted to the
le v elof lo w e stro w of hole sfor ai m.o w o n也e pu n ched
m etalpa n el. T he r efo r ethe ga w a s affe cted m ainlyby
she a ring str e ss o r su rfa c efrictio n, a nd the effe ct of
dr ag fo r c e a r o u nd the T C w a s r elativ ely s m allat
highe rL. A t L<1. 5! T w a s e stim atedto bele s stha n
80% of the E T(Fig. 5), while it w a s e stim ated to be
gre atertha n90% atL ≧1. 5. T his mights ug ge stthat
thein c r e a sein AC Sre faffe cted E fr o mthe soils u rfa c e
ata gr e ater exte nt at L<1. 5tha n at L ≧1. 5. A t L>
3
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Fig .5 Pe rc ent transpir atio n rate (T) o v e r
evapotr a n spir atio n r ate (E T) of the
s甲e etPOtatO tra n spla nt c a n op y at le af
a re aindic e s of 0.9, 1.5, 2.6 a nd 4. 0 a s
affe cted byair cu rr entspeed atreferenc e
po sitio n(A CSref). Ev aporation r ate (E)
ofTC w as e stim ated by extr apolatingto
E Tat L equ alto z er o a nd a s su mingthat
tbe E de c re a sed with a nin c r ea sein L a s
a fu n ctio n of Ka nd in c r e a sed L.
1. 5,the gain c r e a sed xpon e ntially with A C Sre f, Which
mightbe a r9Sultofthein cre a s ein tu rbule n c e･abo v e
the T C with in c r e a sing A C Sre f, aS indic ated by
M onteitb a nd 口n s w o rth1 8). T he e xtent of the e庁e ct
of Lo n ga in the pre s e ntstudy mightbe gr e atertha n
thatin the ope n丘eld be c a u s e ofthe s m alle rhe adspa c e
(heightabo v ethe T C)in the gr o wth cha mbe r.
Co ntrol of A C S in the T P S A L
An aim ofthe pr e se nt e xperim ent w a sto 丘nd the
optim u mA C Sre fin T P S A L fo rm aximizing o r c o ntr ol-
ling gr o wth of 也e T C. Re sults obtain edin the pre s
-
e nt e xperim ent s ugge st that the c o ntrol of E T in the
T P S A L is po s sible by c o ntr olling AC Sr e 王, and a n
in c re a s ein A C Sr eftO 0. 6m sー
1
o rhigher w a snec es
-
sa ry fo r 仙e in c re a s e of E Tat high L･ Ho w e v er,
whe nT C is n ot w ell-irrigated, a n e x c e s siv eE Tc a u s e s
the soilto dry o utquickly a nd m ay r e sultin ade cre a se
in 也 e soilw ate rpote ntial a nd the soil hydr a ulic c on
-
du ctivity, a nd c ons equ entlyinte rr uptio n ofthe w ate r
abs o rptio n ofpla ntsfrom the soil
1 9)
. T hu s, the pla nt
w ate rpotentialde cr e a s e s rapidly,the sto m ata te ndto
clo s e, a ndthereby E Ta ndthe n et photo syntbetic a nd
gro wth r ate s of 也e T C de c r e a s e
2 0)
･
T he optim u mA C Ssho uld be dete r min ed wi 也c o n
-
side r atio n ofn ot o nly E T but als onet photo synthetic
r ate of the T C. In pra ctic e, slight w ater str e s sis
u su ally r e c o m m e nd d fo r pr odu cing sho rt a nd c o m-
pa cttr a n spla nts a nd fo rha rde ning the m befor etra n s-
planting to ha rsh e n vir o n m e nts
21)
. T hu s, a c c ording
to the A C Ssele cted,irrigatio n sho uld be s cheduledto
a v oide x c e s siv e w a申r str e ss,butpro vide a mildw ate r
stre s s on the T C.
Co n clu sio n
Ev apotr a n spiration rate (E T) of 也e s w e etpotato
tr a n spla nt c a n op y(TC)in c re a s ed a sin cr e a sing air
c u rr e ntspe ed at the r efer e n c epo sitio n(A C Sre f)I T he
in c r e a s ein A C Sr e fin c re a s ed ga abo v eT C. In c re a s e
in L in cr e a sedthe c a n op yc o nducta n c e a nd als o a e r
-
odyn a mic c o ndu cta n c e･ Understa nding the effe cts of
air c u r re ntspe ed(A C S)andle afa r e ainde x(L)o nE T
m ake sit po ssible to c ontr ol E T in the tr a n spla nt
pr odu ctio n syste m witharti丘ciallightby m anipulatio n
of A C S. In the deter min atio n of optim u m A C S, the
effe cts of A C So n the net photo synthetic rate a nd
- 3 0-
E ffe ct of Air Cu rr ent Spe ed o n Ev apotra nspir atio nRate of Tr a n spla nt Ca n op yu nde rArti&cial Light 3 1
gro wth of T Csho uld befu r也 e rin v e stigated.
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